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Determination of carboxyhaemoglobin (HbCO) in blood is useful in the diagnosis of carbon monoxide (CO) poisoning. Exposure to elevated levels of CO results in a significant loss of the oxygen transport capacity of blood, due to the rapid and strong binding of CO to haemoglobin.
Various techniques have been documented for the detection of HbCO in blood. Among these, spectrophotometric procedures have proved to be sensitive and easily applicable in the clinical chemistry laboratory. Most spectrophotometric methods are based on the characteristic differences between the absorbance spectra of HbCO and deoxygenated haemoglobin (Hb). Frequently sodium dithionite (Na2S2O4) is used as a reducing agent to achieve complete conversion of oxygenated haemoglobin and methaemoglobin to the reduced form without affecting HbCO.
Tietz and Fiereck' used the ratio of absorbances at 541 nm and 555 nm to estimate the HbCO content of blood. In this procedure blood samples are haemolyzed in 0.4% ammonia and the reducing agent (NalS,O,) is added. Absorbance measurement is performed after 5 min.
A second-derivative spectrophotometric procedure using the same sample pretreatment was proposed by Parks and Worth.' In the zero-order spectrum there is a minor shift of the H b peak at 432nm to the HbCO peak at 418nm. The authors used the ratio of the second-derivative signals at 432nm and 418nm to determine the HbCO concentration in blood. This procedure was evaluated by Panzali et al? who concluded that the ratio of the secondderivative signals was not stable within the first 30 min of the reduction phase in the presence of Na,S,O,. However, Moody et al., have recently reported no significant time dependency in this procedure.
In our experiments we have also noticed instability of the second-derivative signals, and we therefore reexamined the procedure. We report an improved procedure to determine carboxyhaemoglobin in blood using secondderivative spectrophotometry.
MATERIALS AND METHODS

Standards
Five millilitres of heparinized blood from a nonsmoking healthy volunteer was placed into each of two 25mL tubes. One drop of octanol was added to minimize foaming during subsequent gassing; one tube was gassed with pure oxygen and the other with pure carbon monoxide for 15min. The tubes were then closed and gently inverted for a further 15min. Excess carbon monoxide was removed by gassing with pure nitrogen for 5 min. These preparations were used as 0% and 100% HbCO standards, from which intermediate standard mixtures were prepared. The standards were used within 1 h of preparation or stored at -20°C to be used later.
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Deoxygenation solutions
The original reducing solution was prepared 0 shortly before use, as described by Parks and Worth:' I .6 mL of concentrated ammonium hydroxide (28%) was mixed with 250mg sodium dithionite (Na,S,O,) and subsequently diluted to 100 mL with water. Final conccntrations: NH, 235 mmol/L; Na,S,O, 14,4mmol/L. The amount of ammonia was varied to obtain different pH values to study the effect of pH (see legend to Fig. 3) .
In our proposed improved procedure, 300 mg sodium dithionite was dissolved shortly before use in 100 mL PBS (phosphate-buffered saline, p H 7.4). Eight millilitres of the solution was then added to 2 m L of water containing IOpL of blood. The final NazS,O, concentration was 14.4 mmol/L.
All chemicals used were analytical grade and purchased from Merck (Darmstadt, Germany).
Sample treatment and measurement
In the original procedure, IOpL of fresh EDTA or lithium heparin blood was added to 10 mL of the reducing solution. After mixing by inversion the mixture was allowed to stand for 5 min prior to spectrophotometric measurement. In the modified procedure, 1OpL of blood was added to 2 m L of water to achieve haemolysis. After 2 min 8 mL of the buffered reducing solution was added and mixed. Spectrophotometry was performed within 3 to 30 min on a Beckman Instrument (Model 34) (Beckman Instruments, Brea, USA) equipped with a scanning device. The second-derivative spectrum was recorded from 390nm to 500nm with a fixed slit of 0.8mm, resulting in a bandpass of 2nm. The amplitude of the HbCO peak at 418nm ( Fig. I:A) and the amplitude of the Hb-peak at 432 nm ( Fig. I:B) were measured in 1 cm cuvets. The calibration curve was obtained by plotting In (A/B) versus the percentage HbCO in the standards; unknowns were read from this curve.
RESULTS
In many experiments on the reaction conditions blood samples containing 15% to 20% HbCO were used. A typical second-derivative spectrum is shown in Fig. I . From these plots the signal ratio In (A/B) was calculated. Using the reducing solution containing ammonia, unacceptable discrepancies were frequently observed between related measurements on the same blood sample. From Fig. 2 it can be seen that a time-dependent decrease in the signal ratio probably causes this phenomenon. The apparent percentage HbCO in this sample (related to an arbitrary standard curve) varied from 37% to 10%.
Further experiments were performed using different lots of reagents, including sodium dithionite and ammonia, but no significant improvement could be obtained.
The effect of changing pH during the de- 2. Signulrutiv ( I n AIB) oxygenation on the signal ratio (In A/B) was studied by using different concentations of ammonia. HCI was added to obtain conditions at a lower pH. From Fig. 3 it can be seen that after the addition of sodium dithionite to the ammonia there is a significant decline of pH with time. The addition of 10 pL of blood to 10 mL of the deoxygenation solutions did not influence the pH drift. From the absorbance spectra of H b solutions at differing pH it can be seen that the Hb peak is shifted from 432 nm to about 420 nm when the pH is raised from 9.0 to 10.0. Between pH 6.0 and pH 9.0 no obvious differences in the absorbance spectra were observed. To overcome pH drift during deoxygenation in the presence of dithionite we used the phosphatebuffered solution of sodium dithionite described above. Dissolving sodium dithionite in PBS (pH 7.4) resulted in a solution with a p H of 6.95, stable for at least 90min, and no drift of pH or signal ratio (In A/B) with time was observed when this reagent was used.
Several calibration curves were constructed from different blood samples over a 6 month period; the curves appeared to be identical and showed good linearity in the range tested (0% to
We used a haemolyzed blood sample containing 20% HbCO and stored at -20°C in 200pL aliquots as a control to determine the coefficients of variation (CV): between-run CV was 6.4% (n = 12) and within-run CV was 4.0°/0 (n = 10). 50% HbCO).
With a fresh blood sample containing about 5% HbCO we found a within-run variation of 7.1% ( n = 10).
We have also shown that patient samples can be analysed fresh or stored at -20°C before analysis. N o differences were observed between heparinized and EDTA blood samples.
DISCUSSION
The second-derivative spectrophotometric determination of HbCO in blood has been reported to be sensitive and relatively simple, but there have been conflicting statements concerning the optimal time of measurement. According to Parks and Worth' the spectrophotometric measurement should be performed exactly 5 min after the deoxygenation solution has been added. However, Panzali et ul., suggested waiting 30 to 90 min before performing the measurement, since the signal ratio was not constant over the first 30min. We have confirmed these findings (Fig. 2) .
From the results shown in Fig. 3 we conclude that there is a significant decline of pH during deoxygenation in the ammonia containing solution in the presence of sodium dithionite. This may be explained by the following reaction:
The oxygen consumed by this reaction originates mainly from the solution and to a very minor (unmeasurable) degree from oxygenated Hb.
Using the procedure of Parks and Worth2 there is a dramatic loss of NH, when mixing sodium dithionite with concentrated ammonia, which leads t o a lower final pH of the deoxygenation solution.
The absorbance spectrum of H b changes considerably during such a p H decline, as described by Dalziel and O'Brien.' Our measurements confirm a significant shift of the H b absorbance maximum from 432x1111 to about 420nm when the pH is raised from 9.0 to 10.0 and above. We conclude that the problem of instability of the signal ratio in the second-derivative spectra is due to the falling p H of the reaction mixture during deoxygenation. Furthermore the preparation of the deoxygenation solution containing ammonia is impossible to standardize with respect to the final p H since mixing sodium dithionite with concentrated ammonia results in a loss of NH,.
In order to use the second-derivative spectrophotometric procedure, the pH of the measuring solution should be between 5.0 and 9.0, since only in this pH range d o H b and HbCO have sufficiently different absorbance maxima (Hb at 432 nm; HbCO at 418 nm).
Our modified procedure achieves this requirement by using a buffered deoxygenation solution. With this procedure, within-run and between-run coefficients of variation were good, and the calibration curve is stable (using the same instrument settings), meaning that recalibration was unnecessary over a 6 month period.
